Background: Although the incidence rates of Kawasaki disease (KD) in Japan have been determined in nationwide surveys, the cumulative incidence, that is, the proportion of those with a history of KD in the general population of 10-year-olds, is currently unknown. The aim of this study was therefore to assess the cumulative incidence of KD in Japan.
Half a century has passed since Kawasaki reported the first 50 patients with Kawasaki disease (KD) in 1967, 1 and more than 300 000 patients have been reported in the nationwide surveys in Japan. 2 Although the proportion has decreased mainly due to the progress in acute phase treatment, 2 cardiac sequelae, such as coronary artery aneurysms, are still a large and longterm problem in KD. In addition, whether vasculitis due to KD progresses to atherosclerosis after the disease is still controversial. [3] [4] [5] [6] [7] [8] If the vasculitis progresses to atherosclerosis, the risk of cerebrovascular and cardiovascular diseases in those with a history of KD would increase when they become middle-aged or after. Thus, the problems of KD apply not only to the acute phase of the disease but also to the rest of the patient's life as well.
The epidemiologic and clinical epidemiologic features of the disease have been described in the nationwide surveys of KD in Japan. 2 Although the number of patients and incidence rate have been determined, the proportion of those with a history of KD in Japan has not been calculated in spite of the importance of the disease. The proportion of people with a history of KD in the general population in Japan is unknown, although this might be more than 300 000.
The aim of this study was therefore to calculate the cumulative incidence of KD in the first 10 years after birth in Japan using the nationwide survey data.
Methods
In this study, we calculated the cumulative incidence of KD in Japan by the age of 10 years using the data from nationwide surveys of the disease 2,9-17 and vital statistics in this country. The nationwide surveys of KD in Japan have been conducted approximately every 2 years since 1970. The mail surveys request all the hospitals with pediatric departments and ≥100 beds, and all pediatric hospitals to report all patients with KD during the target calendar years. More than 300 000 patients with KD have been reported since the first nationwide surveys. 2, [9] [10] [11] [12] [13] [14] [15] [16] [17] Every observation and calculation were conducted according to sex.
First, incidence probability (IP i,j ) at age i and calendar year j was calculated as the number of patients reported to the nationwide survey divided by the population.
where n i,j is the number of KD patients aged i reported to the surveys in year j, and P i,j is the population. i is given as 0, 1, 2, 3, 4, and 5-9, and j ranges from 1991 through 2014. The probability of not being affected by KD from 0 years old through to 9 years old (PNA j ) is therefore:
Thus the cumulative incidence (point cumulative incidence) by 10 years of age (CI) is
Given that the point cumulative incidence depends on the assumption that the IP ij in year j is continued for 10 years, the cumulative incidence is therefore calculated according to birth cohorts (birth-cohort cumulative incidence; CIBC j ), that is, to determine the probability of developing KD in those born in the calendar year j by the age of 10 years. The probability of not being affected by KD by 10 years of age in those born in the calendar year j (PNABC j ) is therefore:
and
Because the observation was conducted through 2014, the birth-cohort cumulative incidences were calculated from 1991 through 2005.
Ethics
The nationwide survey of KD was approved by the Bioethics Committee for Epidemiologic Research, Jichi Medical University (reference no: eki14-50, 10 October 2014). Table 1 lists the point cumulative incidence according to calendar year and sex. As a result of the elevation of the incidence rate of KD in Japan, the point cumulative incidence also went up by calendar year. It was 0.004833 for boys and 0.003474 for girls in 1991, but was 0.015284 and 0.012145 in 2014, respectively. According to these figures, 15.284 per 1,000 boys and 12.145 per 1,000 girls have been affected by KD by the age of 10 years. The point cumulative incidence in boys was higher than in girls because the incidence rates were higher in boys than in girls.
Results
Birth-cohort cumulative incidences were calculated as well (Table 2 ) because the point cumulative incidences were based on the assumption that the incidence probabilities in the observed year continued for at least 10 years. Of those born in 2005, 10.368 boys and 8.814 girls per 1,000 population were affected by KD by 2014, at the age of 10 years.
Discussion
In this study, the cumulative incidence of KD in Japan was calculated using the nationwide survey data. More than 10 persons per 1,000 population have a history of KD by 10 years of age. In other words, 1 per 65.4 boys (1/0.015284) and 1 per 82.3 girls (1/0.012145) have a history of KD according to the point cumulative incidence data in 2014.
Although half a century has passed since Kawasaki reported the first 50 patients with KD in 1967, 1 the etiology of the disease is still unknown. The reason why the incidence rate of KD in Japan is increasing in Japan, 2 therefore, is also unclear. Reflecting the increasing incidence rate, however, the cumulative incidence increases as well. It is still unclear whether vasculitis due to KD progresses to atherosclerosis when persons with a history of KD become middle-aged. [3] [4] [5] [6] [7] [8] If the vasculitis in infants and toddlers is related to the atherosclerosis, the risk of cerebrovascular disease and coronary heart disease would rise in those with a history of KD. Currently, data both supporting and not supporting the progression, exist. 18 Follow-up epidemiologic observation would provide meaningful data on the question. 19 If KD vasculitis promotes the development of atherosclerosis, this has implications for circulatory disease in general, because so many people have the risk factor, as shown in this study.
The cumulative incidence is currently rising in Japan. Our group has observed it twice. 20, 21 The target population of the first observation was the birth cohort from 1970 through 1986. 20 The highest cumulative incidence was observed in the birth cohort of 1981, which was 0.66% in boys and 0.51% in girls at 5 years of age. The figures reflected the nationwide epidemic of the disease in 1982. 2 The second observation was from 1977 through 1996. 21 The cumulative incidence in the birth cohort of 1996 was around 560/100 000 births to 10 years of age. The incidence continued increasing from the 1986 birth cohort to the 1996 one. The current study describes the cumulative incidence after that point, and it continues to increase ( Tables 1,2 ). Within the observation period, the incidence increased more than twofold. This reflects the increase in the incidence rate in Japan. 2 Unfortunately, there are no such observations outside Japan, to our knowledge.
There are some limitations in the current study. First, the response rate in the nationwide KD surveys was not 100%, meaning that the incidence probabilities in this study were underestimated. According to Watanabe et al.
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, the degree of underestimation was not so large, but the real cumulative incidences would be slightly higher than those observed in this study. Second, because the recent increase in incidence rate of KD in Japan does not reflect the birth-cohort cumulative incidence, the birth-cohort cumulative incidence therefore is slightly lower than the point cumulative incidence. Third, the observation was conducted for every year of age, although the age-specific incidence rates were calculated every 3 months in the nationwide surveys.
2 This is based on the population data from vital statistics, which were denominators in the incidence probability calculation. Unfortunately, only population data by year of age were obtained from the vital statistics. Finally, existence of recurrent cases biased the present data. Of the patients reported in the 22nd nationwide survey, 3.5% had recurrent KD, in which case the incidence probability used in the current observation would be higher than expected. As a result, the data in Tables 1,2 are overestimations. Given, however, that the proportion of recurrent cases is not so high, the effects of this bias might be limited.
There are some advantages to this study despite the limitations. The nationwide survey data reflect the whole country; and the length of observation (approx. quarter of a century) has enabled the time trend of the cumulative incidence to be determined. For example, those born around 1990 are now in their mid-20s, and in another 20 years they will be middleaged, when the risk of cerebrovascular and cardiovascular disease increases. Therefore, even old data in this study are meaningful for management and prevention of chronic diseases.
In this study we calculated the cumulative incidence of KD, but the cumulative incidence of KD with cardiac sequelae is also important. Therefore, we are conducting another study on this research question, and hope to report the results soon.
In conclusion, more than 10 persons per 1,000 people have a history of KD in Japan. The results are important for prevention of circulatory disease.
